INTRODUCTION
The improvement in assisted-reproduction techniques, including gamete intrafallopian transfer and coculture, have necessitated intensive study of fertilization and the 176 development ofthe zygote. Thus, the roles of the fallopian tubes and the specific functions of tubal physiology have become of great interest.
The importance of the fallopian tubes in the receipt of sperm from the uterus and the transport of sperm to the ova is well recognized. The fimbrial structures of the fallopian tube approach the ovulation site to capture the ova, together with the follicular fluid, as they are expelled from the ovary.l' Following ovulation, the contractile activity of the smooth muscle fibres of the ampulla region in the oviduct is enhanced, and this brings about the transport of the ova. In addition, active transport of the ova by cilia lining the oviduct moves the ova to an area where they can be fertilized. The isthmic region of the oviduct is believed to be involved in nurturing the early zygote as it traverses medially toward the uterine cavity. 3 The fallopian tubes, therefore, provide an environment conducive to fertilization and development of the early zygote and are involved in the medial transport of the zygote to the uterine cavity, where nidation and further development occur in normal pregnancy.v"
The details concerning many of these roles prior to nidation are, however, poorly understood. Reports concerning the functions of the oviductal fluid are scarce, leaving many unanswered questions as to the importance of the oviductal fluids with respect to fertility.
This investigation was carried out to increase our understanding of the functions of the oviduct and the mechanisms of ovum or zygote medial transport towards the uterine cavity, We were especially interested in establishing the significance and functions of the oviductal fluids, and their influences and effects on the medial transport of ova.
MATERIALS AND METHODS

ANIMALS AND OPERATIVE PROCEDURE
The study was conducated in white Japanese rabbits (of body weight 3.0 -3.5 kg), A 1-mm diameter silicone catheter was inserted through the abdominal wall, and one end sutured to the ampulla region of the oviduct, medial to the fimbrial structures. The other end remained free, protruding from the abdomen. All rabbits were anaesthetized using halothane. To reducetrauma and the effect of the suture, all procedures were performed using microsurgical techniques with 10-0 or 9-0 nylon sutures (Ethicon®, Johnson & Johnson Medical Inc., Arlington, Texas, USA). After this operative procedure, all rabbits had a 2 -3-week recovery period to return to normal physiological state.
INDUCTION OF OVULATION AND
VISUALIZATION OF OVIDUCTAL FLUID
Ovulation was induced by injection of 100 -150 IU human chorionic gonadotropin (hCG) into a rabbit ear vein. It has previously been demonstrated that rabbits ovulate approximately 10 h following hCG stirnulation.t" and ovulate bilaterally with up to 10 ova being expelled from each ovary.' At the time of expected hCG-induced ovulation, emulsified oil contrast medium (Lipiodol Ultra-Fluide'P; Laboratoires Guerbet, Paris, France) was injected into the lumen of the ampullar oviduct, via the free end of the silicone catheter.
The progress of the emulsified contrast medium, as it was transported medially to the uterine cavity, was visualized with an X-ray system (Hamamatsu System; Hamamatsuphotonics Corp., Shizuoka, Japan) using an image intensifier (C3301) and a monitor. Images were recorded and analysed by a computer system (NEC-San Ei signal processor 7T18; Nihon Kohden, Tokyo, Japan).
RESULTS
VISUALIZATION OF OVIDUCTAL FLUID TRANSPORT
Five rabbits were visualized. The emulsified contrast medium injected into the ampulla was observed to oscillate at (mean) 0 -85.4 mm/s. On entering the isthmic portion of the tube, oscillations decreased to 0 -9.6 mrn/s, thus oscillation decreased to about one tenth of the oscillation seen in the ampulla portion. The dynamics of the oviductal fluid in the isthmic portion of the tube are shown in Fig. 1 . The emulsified contrast medium was observed to require 53 ± 18.5 h to traverse the length of the rabbit oviduct.
DISCUSSION
The events of ovulation and fertilization take place at anatomically distinct sites, which appear to have specific and separate functions. For example. the fimbrial tubal structures of the fallopian tube are involved in the capture of the expelled ova and follicular fluid, and the ampullary-isthmic junction (AIJ) has been observed to be the optimal site for fertilization.s-" The ova captured by the fimbrial portion are rapidly transported to a location near the All. a process reported to occur in just a few minutes. This rapid transport of the ova within the ampulla region is dependent on the ciliary activity and tubal smooth muscle peristaltic contractions.
It is highly likely that the oviductal fluids and their constituents are intimately involved during this critical time of egg transport. In this study. we have investigated the flow of oviductal fluid through the ampulla and isthmic regions of the oviduct. The oviductal fluids flow medially towards the uterus by both peristaltic activity of the tubal smooth musculature and ciliary transport.
For the successful capture of ova, ampullary activity appears more dependent on changes in intraluminal pressure, caused by contractile activity. Concerning the transport of ova in the ampulla region of the tube. however, Halbert et a1. 10 have reported that in the rabbit, the ova are 
Medial transport of oviductal fluids in the isthmic portion of the oviduct.
transported in the ampulla at a rate of 0.1 mm/min, and that isoprotenol, a smooth muscle relaxant, has no effect on slowing this rate, thus stressing the importance of ciliary activity in the transport of ova. l1 012 We found that in the isthmic portion of the oviduct, oviductal fluid was transported to about one tenth of the oscillation seen in the ampulla portion. Our study substantiates previous findings that the transport of material in the isthmic portion of the oviduct is more strongly under the control of ciliary action than under peristaltic activity. Peristaltic and ciliary -activities in the fallopian tube are believed to be under steroid hormonal and autonomic nervous control. Steroid hormone receptors have been detected in the oviduct: alpha-adrenergic receptors respond to oestrogens to induce contractions, whereas beta-adrenergic receptors cause relaxation in response to progesterone.P-! In the rabbit, administration of oestrogen induces tubal contractions and causes retention of the ovum in the ampulla region distal to the AIJ. However, Eddy et a1. 15 found that even following excision of the AIJ in rabbits, ova are retained in the distal isthmic portion of the oviduct. This suggests that the AlI. as a structure, is not the prime reason that ova are retained in the distal oviduct, but that the distal isthmic region, including the AIJ, are all equally involved. We have previously investigated the effects of ritodrine hydrochloride (Utemerin'"), oxytocin (Atonin-Os') and prostaglandin Fzo (PGF2a) on intact tubes in the absence of hCG-induced ovulation." Both oxytocin and PGF2a caused a marked increase in tubal activity, as seen with telemetered recording. Administration of ritodrine hydrochloride during the stimulated condition caused a rapid inhibition of contraction and return to baseline pressures, but without complete cessation of contractions. Our previous findings support the proposal that once the ovum has passed into the isthmic portion, the ciliary activity becomes more important than changes in intraluminal pressure.
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In conclusion, this investigation revealed that oviductal medial transport of tubal fluids is an essential function during the transport of ova through the fallopian tubes. Medial transport in the oviduct involves both peristaltic activity of smooth muscles and ciliary activity. Various agents can suppress peristaltic contractions of the tube; however, medial transport of ova is not fully suppressed, strongly suggesting that ciliary activity of the tubal endothelium is essential for the transport of ova. Thus an intact tubal endothelium with normal oviductal fluids is a necessary requirement for maintaining normal fertility.
Uternerin" is the registered tradename of Takeda. Japan; Atonin-O" is the registered tradename of Teikoku Hormone Manufacturing Co., Ltd.. Japan. 
